Comparison of pollen spectra from bogs of Early and Late Wisconsin glaciation in Indiana by Swickard, Dayton A.
Butler University Botanical Studies
Volume 5 Butler University Botanical Studies Article 6
Comparison of pollen spectra from bogs of Early
and Late Wisconsin glaciation in Indiana
Dayton A. Swickard
Butler University
Follow this and additional works at: http://digitalcommons.butler.edu/botanical
The Butler University Botanical Studies journal was published by the Botany Department of Butler
University, Indianapolis, Indiana, from 1929 to 1964. The scientific journal featured original papers
primarily on plant ecology, taxonomy, and microbiology.
This Article is brought to you for free and open access by Digital Commons @ Butler University. It has been accepted for inclusion in Butler University
Botanical Studies by an authorized administrator of Digital Commons @ Butler University. For more information, please contact fgaede@butler.edu.
Recommended Citation
Swickard, Dayton A. (1941) "Comparison of pollen spectra from bogs of Early and Late Wisconsin glaciation in Indiana," Butler
University Botanical Studies: Vol. 5, Article 6.
Available at: http://digitalcommons.butler.edu/botanical/vol5/iss1/6
Th
e
B
u
t
l
e r
U
n
i
v e r s
i t
y
B
o
t
a n
i
c a
l
S t
u
d
i
e s
j
o u r n a
l
w a s p u
b l
i
s
h
e
d b
y
t
h
e
B
o
t
-
a n y
D
e p a r
t
m e n
t
o
f
B
u
t
l
e r
U
n
i
v e r s
i t
y
,
I
n
d
i
a n a po
l
i
s
,
I
n
d
i
a n a
,
f
ro m
1 9 2 9 t
o
1 9 6 4
.
T
h
e s c
i
e n
ti
f
i
c
j
o u r n a
l f
e a
t
u re
d
o r
i
g
i
n a
l
p a pe r s p r
i
m a r
i
l
y o n p
l
a n
t
e co
l
o g y
,
t
a xo no m y
,
a n
d
m
i
c ro
b
i
o
l
o g y
.
T
h
e p a pe r s co n
t
a
i
nv a
l
u a
b l
e
h
i
s
t
o r
i
c a
l
s
t
u
d
i
e s
,
e s pe c
i
a
l l
y
f l
o r
i
s
ti
c s u rv e y s
t
h
a
t
d
o c u m e n
t I
n
d
i
a n a
’
s
v e g e
t
a
ti
o n
i
n p a s
t
d
e c a
d
e s
.
A
u
t
h
o r s we re
B
u
t
l
e r
f
a c u
l
t
y
,
c u r re n
t
a n
d
f
o rm e r m a s
t
e r
’
s
d
e g re e s
t
u
d
e n
t
s a n
d
u n
d
e rg r a
d
u a
t
e s
,
a n
d
o
t
h
e r
I
n
d
i
a n a
b
o
t
a n
i
s
t
s
.
T
h
e
j
o u r n a
l
w a s s
t
a r
t
e
d b
y
S t
a n
l
e y
C
a
i
n
,
no
t
e
d
co n se rv a
ti
o n
b
i
o
l
o g
i
s
t
,
a n
d
e
d
i t
e
d
t
h
ro ug
h
m o s
t
o
f
i t
s y e a r s o
f
p ro
d
u c
ti
o n
b
y
R
a y
C
.
F
r
i
e s ne r
,
B
u
t
l
e r
’
s
f
i
r s
t
b
o
t
a n
i
s
t
a n
d f
o u n
d
e r o
f
t
h
e
d
e p a r
t
m e n
t i
n
1 9 1 9
.
T
h
e
j
o u r n a
l
w a s
d
i
s
t
r
i
b
u
t
e
d
t
o
l
e a r ne
d
so c
i
e
ti
e s a n
d l
i
b
r a r
i
e s
t
h
ro ug
h
e x c
h
a ng e
.
D
u r
i
ng
t
h
e y e a r s o
f
t
h
e
j
o u r n a
l ’
s p u
b l
i
c a
ti
o n
,
t
h
e
B
u
t
l
e r
U
n
i
v e r s
i t
y
B
o
t
-
a n y
D
e p a r
t
m e n
t
h
a
d
a n a c
ti
v e p ro g r a m o
f
re se a r c
h
a n
d
s
t
u
d
e n
t t
r a
i
n
i
ng
.
2 0 1
b
a c
h
e
l
o r
’
s
d
e g re e s a n
d
7 5
m a s
t
e r
’
s
d
e g re e s
i
n
B
o
t
a n y we re co n
-
f
e r re
d d
u r
i
ng
t
h
i
s pe r
i
o
d
.
T
h
i
r
t
y
-
f
i
v e o
f
t
h
e se g r a
d
u a
t
e s we n
t
o n
t
o e a r n
d
o c
t
o r a
t
e s a
t
o
t
h
e r
i
n s
ti t
u
ti
o n s
.
T
h
e
B
o
t
a n y
D
e p a r
t
m e n
t
a
t t
r a c
t
e
d
m a n y no
t
a
b l
e
f
a c u
l
t
y m e m
b
e r s a n
d
s
t
u
d
e n
t
s
.
Di
s
ti
ng u
i
s
h
e
d f
a c u
l
t
y
,
i
n a
d d
i ti
o n
t
o
C
a
i
n a n
d
F
r
i
e s ne r
,
i
n
-
c
l
u
d
e
d
J
o
h
n
E
.
P
o
t
z g e r
,
a
f
o re s
t
e co
l
o g
i
s
t
a n
d
p a
l
y no
l
o g
i
s
t
,
Wi
l l
a r
d
N
e
l
-
so n
C
l
u
t
e
,
co
-
f
o u n
d
e r o
f
t
h
e
A
m e r
i
c a n
F
e r n
S
o c
i
e
t
y
,
M
a r
i
o n
T
.
H
a
l l
,
f
o r
-
m e r
d
i
re c
t
o r o
f
t
h
e
M
o r
t
o n
A
r
b
o re
t
u m
,
C
.
M
e rv
i
n
P
a
l
m e r
,
R
e x
W
e
b
s
t
e r
,
a n
d
J
o
h
n
P
e
l
t
o n
.
S
o m e o
f
t
h
e
f
o rm e r u n
d
e rg r a
d
u a
t
e a n
d
m a s
t
e r
’
s s
t
u
-
d
e n
t
s w
h
o m a
d
e a c
ti
v e co n
t
r
i
b
u
ti
o n s
t
o
t
h
e
f
i
e
l d
s o
f b
o
t
a n y a n
d
e co
l
o g y
i
n c
l
u
d
e
D
w
i
g
h
t
.
W
.
Bi
l l
i
ng s
,
F
a y
K
e no y e r
D
a
i
l
y
,
Wi
l l
i
a m
A
.
D
a
i
l
y
,
R
e x
f
o r
d
D
a u
d
e n m
i
re
,
F
r a n c
i
s
H
ue
b
e r
,
F
r a n
k
M
c
C
o rm
i
c
k
,
S
co
t t M
c
C
o y
,
R
o
b
e r
t
P
e
t t
y
,
P
o
t
z g e r
,
H
e
l
e ne
S t
a r c s
,
a n
d
T
h
e o
d
o re
S
pe r ry
.
C
a
i
n
,
D
a u
b
e n m
i
re
,
P
o
t
z g e r
,
a n
d
Bi
l l
i
ng s se rv e
d
a s
P
re s
i
d
e n
t
s o
f
t
h
e
E
co
l
o g
i
c a
l
S
o c
i
e
t
y o
f
A
m e r
i
c a
.
R
e q ue s
t
s
f
o r u se o
f
m a
t
e r
i
a
l
s
,
e s pe c
i
a
l l
y
f
i
g u re s a n
d
t
a
b l
e s
f
o r u se
i
n
e co
l
o g y
t
e x
t
b
o o
k
s
,
f
ro m
t
h
e
B
u
t
l
e r
U
n
i
v e r s
i t
y
B
o
t
a n
i
c a
l
S t
u
d
i
e s co n
-
ti
n ue
t
o
b
e g r a n
t
e
d
.
F
o r m o re
i
n
f
o rm a
ti
o n
,
v
i
s
i t
w w w
.
b
u
t
l
e r
.
e
d
u
/
[group 
'ound. 
that 
4 
66% 
% 
O'7<O 
0% 
3%~ 0% 
3% 
0% 
0% 
33% 
COMPARISON OF POLLEN SPECTRA FROM 
BOGS OF EARLY AND LATE \VISCONSIN 
GLACIATION IN INDIANA 
By DAYTON A. SWICKARD 
As is well known, Indiana was within the path of the Illinoian 
and both the Early and Late "Wisconsin ice sheets. The Illinoian 
glacier, coming earlier than the "Wisconsin glacier, extended the en­
tire leng"th of the state along both the east and west borders, leaving 
a large south-central portion unglaciated. The unglaciated area has 
its northernmost bOl'ndary in Monroe county with its southernmost 
limit on the west, Posey CO'll:ty. and on the east, Clarh: county. The 
Illinoian drift was covered by the Early Wisconsin glacier, whose 
southern border made an irregular line from Vermillion county on 
the west, southeast to Franklin county on the east, with its sOLlthern­
most extension reaching the tip of Jennings county in the south­
central portion of the state. 
The Late Wisconsin drift did not extend its outer border so far( 
south. Its southern limit begins in Benton county on the west and 
makes an irregular line southeastward, as in the Early \,yisconsin 
dri ft, to Randolph county on the east. These last two glacial periods 
were most active in that they left vast pits and kettle holes which 
probably soon became lakes, and by later filling in tLlrned into bogs. 
Sufficient time has elapsed since the retreat of the Early Wisconsin 
period to obliterate every lake south of the Late Wisconsin border 
and only deep deposits of peat, amounting to as much as 43 feet, bear 
record 0 f their past existence. 
Two bogs were included in the present study, YOl1ntsville bog in 
Montgomery county, within the border of the Early Vv'isconsin ter­
ritory, and Mill Creek bog in Laporte county, located within the ter­
ritory of the Late Wisconsin glaciation. Youl1tsville bog is 8 miles 
west and one mile south of Crawfordsville, near the Prairieville road, 
on the farrn of William Runyon. The Mill Creek bog is one mile 
north of Mill Creek. This is a border county on the Michigan- In­
diana line. It is located well in the Northern Moraine and Lake Re­
gion and is a part of a great outwash apron which has an altitude of 
775-800 feet at the margin of the Moraine. This apron constitutes 
an extensive gravel plain made by drainages of ice during the deposi­
tion of the Kalamazoo Moraine (Malott, 6). The drainage of this 
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county is chiefly through the broad valleys of Crooked and Mill 
Creeks. 
THE STATUS OF THE BOGS 
Yountsville bog is an extinct bog, the peat having solidified 
enough to permit cultivation. It covers approximately 20-25 acres 
with a central area of approxirnately 1200 feet by 800 feet which is 
still quite wet during the rainy seasons. The portion surrounding 
this central area has all been disturbed by cultivation, by washing in 
of the surrounding soils, and by a gravel lane which has been built 
over its surface. The water table is high, holes dug' on the surface 
during boring observations showed the water within one foot of the 
top. 
Two borings were made in this central area of the bog, designated 
as boring "A" and "B." Boring "A," the deeper of the two borings, 
recorded peat accumulation to a depth of 24 feet. Boring "B," made 
some 200 feet from"A," was only 15 feet deep. The peat from the 
deeper boring, "A," was used for analysis. The Yountsville bog 1S 
of the typiC'al kettlehole type. It is circular in shape with fringing 
gravel hills around the periphery. 
:Mill Creek bog is in a more youthful stage; the soil is very soft 
and wet during the entire year. This bog resembles more nearly an 
old river bed whiC'h has turned into a lake. The length is probably 
9 or 10 miles. Following' approximately the course of the old river 
bed is a wet ditch that continues south, emptying into Mill Creek. 
The drilling was made in what was thought to be the deepest area. 
Only one boring was made and the depth reached was 59 feet. The 
drilling took place in the southern half of the bog about one mile north 
of 11'1 ill Creek. A short distance north of the drilled area is an 
island about which the old river probably made its course. The chan­
nel on the eastern side of the island is more shallow than the channel 
on the western side, because in this channel there is a small wet area 
which has not as yet filled in and is covered by water. The eastern 
border is made of' forested hills which rise sharply from the edge of 
the bog. 
PRESENT DAY VEGETATION 
The present day vegetation of Mill Creek bog is typical of de­
veloping bogs. The bog surface itself is a sedge meadow, while the 
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gravel ridges surrounding are dense with Quercus vclutina, and Quer­
cu,s alba., Ac('r 1"ubru11'I, also was found, not only on the gravel ridges, 
but in the boggy lowlands, as well. In a wooded area south of the 
boring an abundance of Lm'L-r 1a1'icina was found, together with scat­
tered individLlals of Pinus strobl'ls. Plants typical of boggy soil were: 
Pot('nt'illa fruticosa, Solidago ohioensis, S, r-iddellii, P1'osperapinaca 
palust1"l:s rreba, B o('ll'ln('n:a dru-1'11.11wnd-iana, Lobeha kal1n-ii, OS'l11unda 
rinl1a1'11,ornea, Cypr-ipedium regina-e, Rhus vern'ix, Vaccinium corvm­
boslt'f1'I, atrOCOCCWJ1'/" Pedicular'is lanrrolala, Osmunda rcgalis spertab­
ilis, Centiana pl'ocera, Solidago u11:iligulata, and Parnassia ame'ricG1w, 
Plants typical of swamps and bogs throughout the United States, 
found here, were: Cicuta bulbifera, CiCt~la macu./ata, L'jJthn,-/u 
a.latU'I11" Pentlto'ru.'/'I'~ sedioides, Rosa palustris, J'v1 arisrus 111.nr'iscoides, 
O;>:ypoz.,:s n:gidiar, SagWaria latifol-ia, NUf>ha:r advc11.u'I'I1" SympJorar­
pus foetidus, Caltha palustris, Pltra{)1'nites C0111.111,14nis, Typha la-tifolia, 
SriI' pus varidus, and Dccoden vcrtirdl((./-us. Plants more often found 
growing in the coastal plain region were also found: Afimulus 
rigens, Bartonw virgin:iw, Triglochi'/1 palustri.l, and T. 111.a,rit'ima. 
Northern plants having their southern limits in the northern Indiana 
lake region and found in the bog were: Cam,pa1-Ll~I(/. 'rohmdifolia, 
B1'Mnus Iwl-mii, Betula Infra, B. pU:11'1:ila, Rha,mnus aln:ifolin, 
1111aianthe-mum co-nodense I S elagincl1a apoda and Caliu1'n. labradorif btl1'/._ 
No special study was made of the plants in the Yountsville area 
because natural vegetation is almost entirely eliminated by agricul­
ture. It must be noted, however, that this is only six miles from 
the Pine Hills area, a famous spot in Indiana because of reliC' colonies 
of such northern plants as: Pinus strobus, TaJ.""ts canaden.sis, Tsuga 
canadc11Sis, Cau.lther'la procu,mbens, and Cornus t'ugoso, This arca 
was studied in detail by Friesner and Potzger (2). 
METHODS 
The samples were taken similarly to those previously collected 
for other bog studies in this department (1, 5, 9, 13). Samples were 
collected at one foot intervals. neg-inning with the surface layer, ex­
cept at the Yountsville bog where a one-half foot level was taken 
between the surface and the one-foot level. The technique used in 
the laboratory was that suggested by Geisler (3), probably described 
best as the alcohol method. A sealpelful of peat was placed in a 
small beaker: to this sample was added about 10-15 C'c of 951<' alco­
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hal. Then from one to five drops of 1% aqueous solution of gen­
tian violet was added and the material was stirred for several 
minutes. It was found in staining the material f rom the Mill Creek 
bog, that the lower depths required more stain. As Smith (17) 
stated, the alkinity of the lower levels required much more stain to 
make a well stained slide. 
It was found in both bogs that if the slides were allowed to stand 
for a few days the pollen became more fully stained. This was 
particularly true of Yountsville bog, where a week or more was re­
quired before the grains began to show any color. Pollen detennina­
tion was made with the aid of a binocular microscope equipped with 
43X objective and 15X oculars. To familiarize the observer with 
the pollen grains encountered, the illustrated references of Sears (18) 
and \Vodehouse (22) were used. There were also available per-' 
manent slides of known pollen grains which could be compared with 
the grains from the bogs. 
The pollen frequency was based upon a count of 200 grains per 
foot-level. Foot-levels 25,11,10,9, and 7 are absent from the spec­
trum of the Mill Creek bog, because the peat was so dilute at these 
levels that it was impossible to make collections. This is indicated 
by a "w" in the graph. At the one-half foot and surface levels in 
the bog, only 100 grains were counted because of the lower number 
encountered. 
OBSERVATIONS 
Mill Creek Bog 
~ The pollen spectrum from the Mill Creek bog was found to be 
typical of bogs observed by other workers in Indiana. The lower 
levels show dominance by Abies and Picea. In the 59-foot level, as 
well as the 55-foot level Abies has a percentage of 59.5. Picea was 
represented by 38.5%. Two other genera were represented in the 
lower levels, viz. Quercus and Pinus, both with low percentages. 
Abies showed its first signs of losing importance at the 51-foot level, 
where its percentage dropped to 18.5, while Picea dropped to 11.5. 
Quercus had been present from the lowest levels and with this de­
crease in Abies and Picea in the 51-foot level it gained in relative 
importance. In the next level, however, Abies again increased in 
importance, having a percentage of 28.5 to 25 for Quercus. Picea 
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also gained with an increase to 19%. At the 49-foot level Quercus 
again increased in importance with a percentage of 45. Abies 
droppecl to 2 %, and never showed any importance after this foot­
level, disappearing entirely at the 33-foot level. Quercus was now 
the important genus of the spectrum and continuecl to be up to the 
46-foot level. Secondary in importance was Picea which had now 
gained over Abies and continued to lead until it disappeared com­
pletely at the 13-foot level. At the 46-foot level there was a decisive 
change in the spectrum. Pinus, which had occupied a position of 
minor importance, now showed a sharp increase from 4.5% in the 
47-foot level, to a dominating percentage of 60. This was the only 
level in which Pinus dominated; but, in the next two foot-levels 
(i. e. 45 and 44), the percentage was high enough to form a Quercus­
Pinus association. 
After the dominance of Pinus in the 46-foot level, Quercus be­
came the most important genus of the spectrum. It held a dominance 
from the 43-foot level on to the surface with percentages which 
never dropped below 75.5. No Larix grains were found in the lower 
3 foot-levels. It appeared at the 56-foot level with a respresentation 
of 0.5%. From here to the surface it appeared and disappeared in 
the various levels. The highest percentage reached was 6. 
Tsuga had the least representation of all gener.a; it was present 
only in 4 levels in very low percentages. All other genera were rep­
resented by unimportant percentages; Salix appeared in the 5I-foot 
level with a percentage of 18.5, the highest replesentation for it in 
the spectrum. It finally disappeared in the 21-foot level. Betula 
came in at the 52-foot level and persisted in low percentages to the 
3- foot level. 
Other broadleaved genera, Alnus, Acer and Ulmus, were found 
111 small percentages. Acer came in at the 31-foot level and was 
present until the 2-foot level. The percentage representation was 
never very high, the highest being 5% in the 22-foot level. Ulmus 
was persistent in its presence, but never reached significant represen­
tation. It made its appearance in the 54-foot level, and its highest 
percentage was 6.5 in the IS-foot level. Carya, Juglans, Liquidambar 
and Tilia appeared in small percentages and at varying levels between 
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Yountsville Bog 
In the Yonntsvil1e bog Abies and Picea were dominant in the 
lower levels as in the :Mil1 Creek bog. The dominance of the two 
continues for a much longer period of time than in any bog yet 
analyzed in the Early Wisconsin glaciation territory. Abies sbowed 
dominance only in the 24-foot level with a percentage of 56.5. From 
this level to the 19-foot level Picea was a co-dominant with Abies, 
but at the 19-foot level Picea became the dominant species and re­
mained so to the 11- foot level. Abies, however, continued its pres­
ence in the spectru111 and did not disappear until the 5-£00t level. 
This probably is a new record for the presence of Abies in bogs thus 
far studied in Indiana. Picea was present in almost the entire spec­
trum of the bog; it was found up to the 0.5-foot level, after having 
been absent in the 2-foot level. The highest percentage reached was 
60, in both the 18- and 16-foot levels. 
Pinus was the only genus which was present through the entire 
spectrum. Howell (5) and Richards (13) reported this to be true 
also in the Kokomo and Otterbein bogs. Pinus never reached a 
dominant stage, its highest percentage being 13.5 in the 14- and 15­
foot levels. Larix was present in the 24-foot le"vel but disappeared 
and did not reappear until the 20-foot level. From this level to the 
surface it persisted in low percentages. 
The broadleaved genera Quercus. Salix, and Betula were all 
present in low percentages at the bottom foot-level. Quercus appeared 
in the spectrum to tbe 20-foot level, here it disappeared until the 16­
foot level. In the II-foot level Quercus gained control and remained 
dominant to the surface level. The highest percentage reached by 
Quercus was 85, in the 2-foot level. Salix was present in' the lowest 
three levels but, like Quercus, it disappeared not appearing again 
until the 13-foot level after which it remained in small percentages 
until it disappeared entirely at the 0.5-foot level. 
Like Quercus and Salix. Betula disappeared after tbe 23-foot 
level, but reappeared at the 11-foot level. At the 8-foot level it 
became unusually prominent, reaching a representation of 42.5%, 
almost equalling Quercus at this stage. In the next level it dropped 
to 13% and finally disappeared at the 0.5-foot level. Acer was pres­
ent only in the upper two foot-levels, reaching 11 % at the 0.5-foot 
level but declining in the surface layer. Carya did not appear until 
the 5-foot level from which it remained in small representation to the 
73 
surface. Corylus and Alnus were both present to the O.S-foot level 
where it disappeared never reaching more than 7%. ]uglans was 
found in the 4-foot level lasting to the 0.5-foot level, but never hav­
ing a high percentage. Tilia and Liquidambar were found only once 
in the spectrum. Liquidambar is listed with hesitation because of 
its present day range, but measurements and characteristics of the 
pollen grains agreed perfectly with published descriptions and to 
date no other pollen 0 f herbaceous or woody species has been found 
which might be mistaken for Liquidambar. 
DISCUSSION 
The Early \-'/isconsin Glacial Drift 
A lake is one of the most short lived of all topographic features. 
Practically all natural depositional agents tend to destroy lake basins 
by silt, wind-blown sands, or accumulation of plant and animal re­
mains. It has been estimated that about one-fourth of Indiana is still 
or has been occupied by lakes in recent geological time (lVIalott, 8). 
The lakes formed during the Illinoian glacial retreat are all extinct or 
they have been obliterated by the Early \Visconsin glacier. All of 
the natural lakes or bogs in Indiana are products of the Early or Late 
'Wisconsin glaciation. Great changes have taken place in the condi­
tion of the lakes in Indiana since the state was first settled. Accord­
ing to Malott (8), the last fifty years have witnessed the reduction 
of actual lake surface by at least one-half, probably due to natural 
causes coupled with artificial drainage. The lakes of Early vViscon­
sin drift are all closed chapters as lakes and have changed into matnre 
hogs. The soil of the bogs of the Early Wisconsin glaciation has 
solidi fied to such an exten t that farm cultivation is taking place 
upon its surfaces. 
The "Wisconsin glaciation in Indiana covere<] approximately 22,­
900 sq. miles and the margin made by it was distinctly lobate, a 
characteristic which became accentuated as the ice retreated to the 
northward. Leverett and Taylor (7) in their discussion of the 
lobation of the Indiana region states that they were local deployments 
down major valleys. Malott (8) states that the oldest section of the 
Late Wisconsin drift in Indiana is a section 1ro111 Lafayette to Tene 
Haute; this is marked by large streams such as the Wabash river, 
and also by considerable dissection of the glacial plain itself. 
74 
In 
study. 
also 
bOHn 
Otto 
and B 
lar as 
domin: 
Thl 
dif fer 
Tn no 
they ( 
sisted 
but t 
taken 
way t 
bog, 
of rep~ 
the dl . 
ville b 
levels 
accordl 
ence f 
tiOI1 is 
the 11< 
througl 
soil f( 
period 
Tn oth 
tions, 
macr<H 
micro 
ported 
colony 
T~mg(} 
procu; 
big si 
indicatl 
relic i 
ns was 
er hav­
Jy once 
';ll1se of 
of the 
and to 
1 fonnd 
eatures. 
e basins 
imal re-
bra is still 
Iou, 8). 
!Xtinct or 
:'\11 of 
or Late 
.c condi­
Accord­
reduction 
natural 
Wiscon­
mature 
tion has 
19 place 
tely 22,­
obate, a 
~ to the 
~ of the 
oyments 
n of the 
In this section is located the Yonntsville bog, included in this 
study. The bog analyzed by Richards (17) in Warren county is 
also within this region. In other sections of the Early Wisconsin 
boundary, bogs have been analyzed by Howell (6) in Howard county, 
Otto (12) in Marion connty, Prettyman (16), Hamilton county, 
and Barnett (1) in Madison county. All these bogs were quite simi­
lar as to pollen records in the lower levefs; all showed a forest 
dominated by Abies and Picea. 
The behavior of Picea and Abies in the YountsviHe bog was quite 
di f ferent from that of other bogs in the Early \Visconsin glaciation. 
In no other so far studied, did Abies and Picea persist so long as 
they did here. Picea was present to the I-foot leve! and Abies per­
sisted to the 5-foot level. Abies was dominant in the bottom level, 
but lost its dominance in the next level. This dominance was then 
taken over by Picea, and lasted to the II-foot level where it gave 
way to Quercus. In the Otterbein bog, Bacon's Swamp and Kokomo 
bog, Picea had a similar representation. The dominating percentage 
of representation of Picea was about the same in all these bogs but 
the duration of dominance (8-foot levels) was longest at the Younts­
ville bog. This evidence of a well expressed boreal forest in the lower 
levels of the Yountsville bog agrees with the results of others and, 
according to Sears (19), indicates a cool-humid climate. Its persist­
ence for so many foot-levels is hard to explain. A possible explana­
tion is the one given by Howell (6), that the cool seepage water from 
the northeast and central part a f the state drained to the southwest 
through the Wabash river basin making ideal conditions, i. e. cool 
soil for the reproduction of Picea and Abies, for a much longer 
period of time than in other areas from which the ice had retreated. 
In other words! persistence is evidently due to favorable local concli­
tions, making it possible for these species to persist as relics in a 
macro-climate beft favoring broadleaved species but with a local 
micro-climate favoring the boreal species. This same region, as re­
ported by Friesner and Potzger (2), has even today a well-developed 
colony of northern plants, e. g. Pinu.s stl'obus, Taxus camadensis, 
Tsuga canadensis. Cornus rugosa, D,:e,'viUa lonicera, and Gaultheria 
procumbens at Pine Hills which is only six miles to the south of the 
The persistence of Pinus to the top foot-levels of the bog to Terrc 
ish river, 
big site. 
indicates that it had lip to recent times a wider distribution as a 
relic in Montgomery county. 
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Larix was present in Yountsville bog in small percentages at 
intervals throughout the spectrum. Larix pollen is very fragile, and 
even the slightest pressure may break the exine, making the pollen 
unrecognizable. This is probably the reason why it shows such low 
percentages even though Larix may have had a greater percentage 
representation in the forest canopy. YountsvilJe bog had no record 
of Tsuga. In the other bogs it was found at different {oat-levels 
throughout the spectrum with low percentages. Tsuga pollen is 
noted {or its rapid disintegration when the pollen becomes wet, and 
so its absence does not necessarily mean non-representation in the 
forest complex. It is almost certain that Tsuga should have been 
in the forest complex of that region for it is present even today 
in the relic colony at Pine Hills which is only a few miles from the 
bog. 
The percentage of Quercus in the YountsvilJe bog was higher than 
" 
in any of the other bogs compared in the Early Wisconsin region. In 
the Yountsville bog it was slow in gaining dominance, much slower 
than in the other bogs, due to the long persistence of Picea and Abies, 
but once it gained control it dominated as in all other bogs. It is 
difficult to say whether the long Abies-Picea dominance is due to 
delayed change in macroclimate or to some unusually favorable local 
or microclimate control. Again it may mean that in a shallow lake, 
represented by the bog, filling was completed before the latter part 
of the succession could be included in the depositional record. The 
Otterbein, Kokomo, Cranberry, Fox Prairie, and Bacon's Swamp 
bogs all have Quercus persistent in the upper levels, but like Younts­
ville, they had ;\ co-dominant species associated with it in the top­
most levels. The usual co-dominant species of the other bogs were 
either Carya or Acer. In the Yountsville bog Acer became a co­
dominant in the D.S-foot level. Quercus, however, was still the dom­
inant genus and had controlled since the II-foot level. The spectrum 
suggests a very slow change from a cool-moist climate, as indieated 
by the persistent Picea and Abies dominance, to a warm-dry climate 
as indicated by the Quercus climax. The appearance of Acer in the 
last two foot-levels probably indicates a change from a warm-dry 
climate to a warm-moist climate. The percentage of Acer may mean 
more than it represents in the spectrum, since Acer pollen is not 
produced in such abundance as Quercus and so a small percentag'e 
of this genus may be comparable to a larger percentage of Quercus. 
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Bacon's swamp is the only bog studied in the Early Wisconsin terri­
tory of Indiana which had an ultimate Acer-Quercus climax. More 
evidence for the change to a warmer climate was the sudden in­
crease in Betula, in the 8-foot level (42.5%), which persisted for 2 
foot-levels. It is thus possible to state that the forest succession of 
Yountsvillc bog was: Abies, to Abies-Picea, to Picea, to Quercus, 
to Quercus-Acer. The climatic change being from a cool-moist to 
a warm-dry, to a warm-moist. 
The Late Wisconsin Glacial Period 
The Late Wisconsin glacial advance was not so far southward; 
neither was it so extensive in area as the early advance. The bogs 
and lakes of this moraine region are much younger than those of the 
early drift. The bogs are still in their formative state, many of 
which have almost filled in but are yet very wet in rainy seasons. 
The time elapsed' ;ince the Wisconsin glacier made its last appearance 
has had some dispute. Cleland (24), basing his estimates on the re­
cession of the Niagara gorge, and of St. Anthony's Falls, estimates 
that the permanent retreat of the Wisconsin ice sheet was between 
12,000 and 20,000 years.' This would be added to the time during 
which the ice retreated from the southern limit to the Niagara gorge. 
According to Miller's (10) estimate the retreat required about 12,000 
years from its southern boundary (about Logansport for Indiana) 
to the Niagara gorge. Antevs (23), estimates the beginning of the 
retreat as between 30,000 and 40,000 years. The question had fre­
quently been raised whether or not it is possible to calculate back 
through the centuries using the bog sediments as criteria. Potzger 
(14) states, that Dachnowski estimates 200 years for the accumula­
tion of one foot of peat; Soper and Osbon estimate 600 to 1200 
years per foot of peat, and Sears, about 300 years to the fooL Potz­
ger (14), also states that the average depths of bogs in Indiana is 
about 35 feet and if based on Sear's estimate we would have 10,500; 
if based on Soper and Osbon it would be 21,000 to 42,000 years, 
the latter computation correlating more with Cleland and the Niagara 
gorge recession. It mnst be kept in mind, however J that there is a 
possibility of large discrepancy in such estimation. 
The withdrawal of the ice north and eastward in Indiana was 
attended by the position of three distinct sets of ronghly concentric 
terminal moraines. In northwestern Indiana the moraines were built 
by the Lake Michigan lobe. In the northeastern part of the state the 
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moraine system is in harmony with the Main Erie lobe, while in 
north central Indiana the moraines conform to the position of the 
enclosed Saginaw lobe. These orderly arrangements of the systems 
are in keeping with the lobation of the ice. Malott (9) considers 
these formations due to. halts or temporary readvances of the ice 
margin. Since these advances and retreats of the glacial sheet many 
miniature lakes, left by this activity, have been filled by inwash or 
accumulations of plant remains. Many larger basins have become 
smaller, but are still lakes. The areas of these small shallow basins 
are now marked by level depositions of black earth. In such a region 
is locatecl the Mill Creek bog with its accumulation of peat to a depth 
of 59 feet, and is one of the deepest bogs of Indiana yet analyzed. 
Abies was dominant in the lower 2 or 3 foot-levels of Mill Creek 
bog, forming a Picea-Abies climax later. Moss (11), found in 
Altona bog a very short dominance by Abies with Quercus and Pinns 
appearing early in the spectrum. In comparison it was found that 
in all areas Picea-A bies did not endure very long, about 2 or 3 feet, 
before Pinus assnmed control. This means without a doubt that the 
cool-moist climate was beginning to shift to a cool-dry condition. As 
the glacier began to melt, the drainage water was carried by the 
\Vabash and Kankakee valleys, and as this water was carried away 
the conditions became drier. This evidently coincided with the fast 
reproduction of Pinus. However, the climate still 111ust have been 
cool since our northern Pine today retains dominance in a cool-dry 
habitat. 
\Veaver and Clements (21) say that Larix is a persistent sub­
dominant species in the boreal forests of today. The pollen spectra 
show that Larix held a similar position in the early Post Pleistocene 
forests. Potzger and Wilson (13) state that Larix is fonnd today as 
a dominant in relic colonies deep in the deciduous forests, again show­
ing its ability to adjust itself in order to persist over a wide area 
through Picea and Abies forests to the southern deciduous forests. 
In the Mill Creek bog Qnercus never shared dominance with 
another genus. In the Lakeville, Round Lake, Loon Lake, Altona 
and Lake Cicott bogs, Quercus was associated in the npper levels 
with Carya. In Winona lake the representation was Acer and Quer­
cns. Tippecanoe lake was very similar to Mill Creek bog in having 
only Quercus as a major species represented in tbe upper levels. It 
is j L1sti fiable to assume that the climatic changes were more or less 
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uniform in all instances, probably from cool-moist to cool-dry, to a 
warm-dry to a more warm-moist climate. Potzger and \Vilson (13) 
assume that this was the case in the 'Winona and Tippecanoe lake 
region. The fluctuations between Pinus and Quercus and the associ­
ation of the two were induced by local control. Characteristics such 
as these are found in forests of today. Potzger and Friesner (IS) 
have shown that in central Indiana nortb-facing slopes not over a 
few hundred feet from south-facing slopes. have a Fagus-Acer cli­
max while the opposite slope was covered with Quercus or Querclls­
Carya. Such phenomena must be considered when translating the 
post glacial successions. 
Betula and Salix were represented in Mill Creek bog in small 
percentages which correlates with conditions in Winona and Tip­
pecanoe lakes. while in bogs observed by Moss (II) and Hamp (4) 
they were slightly higher. Potzger and \Nilson suggest that the low 
count of Betula and Salix may be dne to the fact that these trees shed 
their pollen early and the frozen condition of the lakes would inter­
fere with the deposition of these pollen to the sediment for 
preservation. 
Betj~I(J. lutea and H. pU'I1'lila are found growing in the bog site to­
day. These are northern species growing in their southern limits in 
Indiana. Betula pollen were first found in the 52-foot level; it may 
be assumed that this was the time when these species came to what 
was then their northern limits and which is today their southern 
limits. 
Comparison of Yonntsville and Mill Creek Bog 
The mo~t outstanding difference between the Yountsvilk and 
Mill Creek bogs is. perhaps. the expression of the Picea anu Abies 
climax. At Yountsville the cont,"ol hy PicCe, and Abies continued to 
a time when about two-thirds ot the sediment had accul11ulated while 
at the j\.Jill Creek bog it waned when about one-third of the sediment 
had accumulated. This bog correlates in the Picea-Abies climax 
more with a hog that should he located in southern Michigan. or at 
that latitude. Potzg-er and Wilson (13) state that bogs studied in 
Michigan do indicate that Picea and Abies extend in the spectrum 
to very high levels and percentages. The situation that exists at 
Yountsville bog may be opposite to the situation found at Altona 
(Moss, II). 
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Yountsville bog- is quite shallow and it is possible that it became 
filled before the complete pollen spectrum to the present could be 
recorded. Then, too, it is very likely that during the occupancy by 
civilized man, repeated fires might have eliminated the top-most 
layers. Such argumentation offers explanation for other features in 
the spectrum, especially the behavior of Acer, coming in so suddenly 
in the O.S-foot level. The Acer-Quercus climax may have been more 
persistent, but may not be recorded in the sediments now present. 
The Mill Creek bog, in the lower levels showed typical Abies­
Ficea climax for a short period and then its dominance was lost never 
to be regained. Pinus played quite a different role jn the Mill Creek 
bog than in the YountsvilJe bog. Pinus in the JVIill Creek bog made 
a sudden increase for 2.5 foot-levels, enough to establish a dominance 
or at least to form a strong co-dominance with Quercus. In other 
bogs of this Late vVisconsin glaciation region shown in table 1, Pinus 
made a similar increase in the correlating foot-levels. 
TABLE I 
Foot-levels with Pinus an important genus in Late Wisconsin bogs. 
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Presen 
Name ul Bo,~ 
Loon Lake Bo 
Altona Bog 
'Winona Lake 
Tippecanoe La 
Lakeville Bog' 
Round Lake 
Mill Creek Bo 
Number of foot· level, with Piuus 
Name of bog or lake all important genus 
Loon Lake Bog 3 feet 
Altona Bog 2 feet 
Winona Lake 2 feet 
Tippecanoe Lake 2 feet 
Lakeville Bog 1 foot 
Round Lake Bog o 
Mill Creek Bog 2.5 feet 
Lake Cicott Bog 5-7 feet 
*Mineral Springs Bog 2 feet 
"Center Lake Bog 2-4 feet 
Lake Cicott BI 
*Matthew~ Bog 
Kokomo 
Bacon's Swamj 
Fox Prairie 
Otterbein 
Cranberry 
Yountsville 
*On outer border of 
*Investigated by Houdek (5). 
In comparison with bogs of the early Wisconsin glaciation it was 
found that none in areas of Early Wisconsin glaciation showed this 
sudden increase in Pinus. In these bogs Pinus persisted only in un­
important percentages to top levels. It is believed that in the Early 
\Visconsin regions the climate change was a cool-moist turning 
directly into a warm-dry. In the Late Wisconsin region, farther I 
north, there was an additional change. The Pinus dominance showed 
this, meaning that there was a time in which a cool-dry climate ex- I 
80 r 
In the Matthews bi 
This bog is located clo 
\Visconsin glaciations. 
that has Picea at the to' 
These results of Y 
elusion that there w 
areas in Early and Late 
one must not jump at 
complete, for there is 
tions seem entirely jtt 
that it hecame 
esent could be 
occupancy by 
the top-most 
her features in 
in so suddenly 
have been more 
ts nOW present. 
typical Abies­
was lost never 
the Mill Creek 
'reek bog made 
.sh a dominance 
isted. The. number of foot-levels for this intervening climate varies 
with the bogs, probably depending upon the rate at which deposition 
occurred or as influenced by local edaphic factors. There is an­
other interesting di fference in vegetational behavior in areas of Early 
and Late Wisconsin glaciation. Picea was generally present to a 
much higher foot-level in the Late Wisconsin bogs than in the Early 
Wisconsin bogs. Table II shows the difference between the two. 
TABLE II 
Presence of Picea in Various Spectra 
Late Wisconsin Bogs 
Deplh of Dog Foot·level .1 which Pice. 
I\'am(' of nog ill Feet dis.ppe. red 
In other Loon Lake Bog 41 2ercus. {

Altona Bog 23 2in table I, Pinus 
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Winona Lake 33 o 
Tippecanoe Lake S9 3
 
Lakeville Bog 30 o
 
Round Lake Bog 32 o 
Mill Creek Bog 59 12
 
Lake Cicott Bog 31 13
 
*Matthews Bog 29 o 
Early Wisconsin Bogs 
eet {
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~eet 
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feet 
feet 
'feet 
n glaciation it was 
' iation showed this [
rsisted only in un­
that in the Early 
cool-moist turning 
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Kokomo 32 6 
Bacon's Swamp 32 10 
Fox Prairie 28 23 
Otterbein 44 4 
Cranberry 32 17 
y ountsville 24 0.5 
*On outer border of Late Wisconsin glaciation. 
In the IVIatthews bog. Picea was present to the top foot-level. 
This bog is located close to the border of Late Vlisconsin anel Early 
Wisconsin glaciations. The only bog in the Early Wisconsin region 
that has Picea at the top level was Yountsville. 
These results of Yountsville and Mill Creek bogs permit the con­
clusion that there was a di fference in forest succession between 
areas in Early and Late \Visconsin glaciations in Indiana. However, 
one must not jump at conclusions, stating that these differences are 
complete, for there is much work yet to be done before generaliza­
tions seem en ti rely j usti f iable. 
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SUMMARY 
1. The paper presents pollen spectra from IvJill Creek and 
Yotlntsville bogs. 
2. Yountsville bog is located in an Early Wisconsin glaciation 
region, and Mill Creek bog in a Late Wisconsin region. 
3. The Yotlntsville bog is of the kettle hole type, while the Mill 
Creek bog is of the valley type. 
4. Both bogs showed a forest controlled by an Abies-Picea cli· 
max while the lower levels were being deposited. 
S. ;\bies-Picea persisted to higIler levels in the YotlntsviJle bog 
than in the Mill Creek bog. 
6. Mill Creek bog showed dominance by Pinus at the 46-foot 
level. 
7. Pinus was present in low percentages throughout the spectrum 
at YOl1ntsville. 
8. In all but Round Lake bog, Pinus assumed dominance during 
one or more foot-levels in all bogs locatecl within Late \Visconsin 
territory but never in bogs located in Early Wisconsin territory. 
9. Picea was consistently present to a much higher foot-level in 
bogs of Late \Visconsin territory than in bogs located in areas of 
Early Wisconsin glaciation. 
10. Quercus became dominant in Mill Creek bog at the 44-foot 
level and remained dominant to the top levels. 
11. At Yountsville bog Quercus dominated from the It-foot 
level to the surface but gave way to a QuercLls-Acer association at 
the O.S-foot and top levers. 
12. Succession at Yountsville was: Abies to Picea-Abies, to 
Quercus, to QlIercus-Acer ; sllccession at Mill Creek bog was: Abies 
to Picea-Abies, to Pinus. to Pinus-Quercus, to Quercus. 
13. Climatic changes at Yountsville may be expressed as cool­
moist, to warm-dry to warm-moist; changes at Mill Creek were from 
cool-moist, 10 cool-dry to warm-dry. 
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